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SOLUTION: A light-emitting element is constituted, 
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boron phosphide(BP). 
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[una] t*«o*t«^iisc«;fLt, nmzftit 

A s i - x P x £ Jtfit-r & o 

DSf*^] StttU >itif x ) (G a A si-xPx : 0 

sx^i) ^*e«c-^?i^ 1 1 1 - vmit^m^^m 
-r^o ii#tc. atfku >itirv ^A#&^jii±<o»jh^ips 

*mv) >itmm (basp) ?&^ab^v^i>; >is^ 
(bp) frhmm-z> 0 
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[W*JIl ] fltfb'J >fb#*'J A (G a A si-xPx : 0 

^x^d mt.mm (b> t^< (p) t 
tumm (As) t«r#tf«-w*i i i-vmit^^ 

[at*^3] fltfc; >-fb**'j fAJi*»ib**»*Jiu, io 

^ll^-W-Ji^'-P-'i-- (isoelectronic tr 
ap) «r^*-t-S>F*E»^tD$*l.-CV^C: tUft&t 

(N) T?*4Ck*«FfRi:i-4||*«3»cC«lOffc-6* 
[St*-l5] ^T-ng^it^^^-^jJtfb.j >-fb#U 

2 7iM 4 oflrft* 1 *KE«0>fl:£4&#*fM& 20 

[■t*#6] I I -V»Efb-&!»i|£*<Mi<0*jh 

^■JI^ 8Mb 'J >fb**'J ■> A«w»ih«i|SJ: HO. 2 
il/^hn>*>). ( e V) yi^SItmt 
"T^if*^ 1 Tbm. 5 offi-fx-^ l «{cKftOfb^-¥-£# 

[fft*«7] -frfllftl I i-vM^iftii, ^ 
** i >t (i* * R * ±#: t -t 4 b -flJjR l c 

t £-#ft t -r£»#fli i nm 6 oaf*.* i auiBttofb 

Iff** 8] -£ft*i I l-v«6ft-ft-«*j»#Jl*^ fit 
fb'J >fb?ffl* (basi-yPy : o^ysi) -c t 
*VfWt.t-?2>m#m 1 7 ofsrn* i mi~UM<o j (t& 

[8t*-f9] -Sfflftl I I-VM^Wffti^ 'J 

>fb«B^ (bp) z.ti#WLt-t&miBASizfz 

o] s«±tcst-fb'; Wb^v^Ajf £«jf 
l, sflMbuxb^'j^ABi^ai^i i i-vm 

Wb#'J Lfcft, ^stfb'; >ft*-u 

4-««L7ta*ja.ToiajK-c^--aia?i i i-vm^» 

4-^#-i =Sr»)l-r-2» C t -Sr-lf ft t ff#S 1 75M 9 <0 

1 1 ] £ftft I I I - VM^^fti £ 2 
5 0 'ClXt 7 0 0 CfllT<OfiSt«t* £ t Sr-lffti: 

-r i o t=^ofk-fr»*iii#:f&*5rf-o«-ii^ 

So 

[B#« 1 2 J 1 7i3§ 9 <0M<175' 1 JRl-ieiSOft 50 
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1 3 ] 1 2 KtEftO? >"7*fflv»jfc* 

[0 0 0 1] 

A (GaAsi-xPx: OSX^l) it, U5£ (B) t 
4"fc<fcfcU-> (P) ifclift* (As) tiStrSm 
mi I I-V«|-fb#«**fMfc*»^J^**ii*^n 
«#ft**fUffl LTffcft L^fc^^Sfl^ft-T-uft 
t4. 
[0 0 0 2] 

[&*<0-J$«r] 7cm^-W*<7)^I I I8LRCT*V«|»cft 
•*-*5c**»f>fc4 I I I-VMt^fW^if? 

(G a A si-xPx : O^X^l) *»fe-Sr&IS*-y-f 

k (led) *> ? ** (•#* r*mi*r'uxm 

SJ ( (•#) «A« 1 9 9 5^5^30 BSfc-f? *0HR) , 
118-121 X*HR) o IftMt LT, G a P-fSrSJf 
•tJMMtU, HaS^5 5 5 nmtt-BiifeS 
OGaPi^^iLED^Sfi^ (±fe<0 r#^£# 
TV*-f *«E1&J > 118-121 M#BR) o J: *) -H 
i-f-HbSttT^&G a P*>f>i4LEDT-«, f&ftSBfi n 

r*t pwmm^&G a p%iM,m* mm (homo) m& 

Jt^i^^iotv^ (fllx-l*, David Wo 
od, " Optoelectronic Semico 
nductor Devices" (Prentice 

Hall Int. (UK) .Ltd.) (199 
4 ) , 9 9- 1 0 2 M#HH) 0 

[0 0 0 3] Mx.l£. ta£*OG a P^fb-i^LEDlC* 
oT, S&itmt LTflJffl$ttTv>4G a Pliffl-^S^ffi 
oi I I -VMDifift-Si^o W«S^S<o^* 
#T-(i, &it*i>tzb1r* J r 'J T (c a r r i e r) <T> 

fiLtow&&%imi&^ (k. v-3!r--w, r-t5^^y 
tt-nmm^ (t) j ( («) i99i* 

6 2 5 BM » 1 «g) , 5 0 5-5 0 7 H#S5) o - 

fi^ttSI'P'L.^ (isoelectronic trap) 
fcft*^H-**aaiOUfcG a P-S B B B ®^' ; 3l§*S-4-«fix: 

-r^co^— Mt^oo^ (±ieo r-#^#T'/<^^ 

IKftJ > 118-121 H#ra) o 09x.lf, mm (N) 

t LTj^PLTtG a P-S B B B S*I§*S ti--2>G a Pft& 
LED^-ai-bitrv^o 

[0 0 0 4] L^L, ta&5fe<0G a PHfe«LEDOM 
0$fil±ft5 5 5 nmfA5, ittli, GaPO^iST* 
<7>m±%rt$r'$>2>&2. 2 6 eVi:Jt)£tJ$StM 
•*t4oTV>i (±SEO r###f : '/<'f ^WftJ x 2 8 
o ■rOTt*, |**(OG a P**«-frfl|-lt^'b^ 
*LED-C(i, %***G a PigS@lCiai|X?tL-CLiT 
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[0 0 0 5] 

L^£i#*£-£ftl£&*J: 9 &H;fcSii|*K&ft£G a 
Asi-xPx (O^X^l) 7)>t>il.LED* ? iiT"^ 
£»i#?ft& 0 L*U GaAsi-xPx (O^XSl) 
MLEDC^ot, SbfcSifc K t? § £ 4f S T* 

[ooo6] *&wit. ±Mn$t*tm<r>m&**m#: 

Afnf^S,|?:||ifcGaAs.-xPx«*f 

4, ftlh^ipgSrG a A si-x Px (0SXS1) J: *) 
fc-r^-^Sil3Sl I I -VSft^&fifttO^fni^ 
£ Aft L tz G a A s i -x P x Mf&ftSf £ *tfrf h i> 

[0 0 0 7] 

(i) nm O) nieifeo^-u^i i i-vm»* 

^^Stfk 1 ; >-fb#*V -^A (G a A si-x Px I 0 =£X3£ 

m=f-x*>z>o 

(1) fltftV >ffc**'J ?A (GaAsi-xPx : 

i) it, mm (b) t4?fc< *.<><; > (p) t^(±at 

KAs) t Z&tr^mm I I I -Vi&ft-g-^aMfcJl 
t * <b ffM $ ft * ^ -f n g if £ ft x. T v > & £ t * # 

(2) ^xng^«ii&Bj£-f afltft 1 ; 
**«*wc**ik*«F»ki-4ii(riB (i) Kienoft 

(3) flt-ft'J >ft*->; ->A«*»f> 

WMSI^-b (isoelectronic trap) 

IS (2) CE«Oft«**ifl:«*«?. 

(4) #«?-MIIS't>'i:^SJK-r .S**fi&a*33& (N) 
■C**Ct*«f»ti-*lMrE (3) »=E*«>ffc-&»i|i* 

* <b 4 & ftitm t -tmm in- vmit&to*mim t 

(2) TSm (4) nmtifr l ^icEftOfb^^Mfrfrffc 
( 6 ) ^fll% I I I - VSHt^¥*ttJ|«>ftjhflrll 

*\ fltfb'J wtary ^AS^^ih^itSJ; o *> o. 

?hn>*>> (e V) J£l±*-C*4£4:*#«fc-*-4 
fTE (1) (5) OMft* 1 «Kffi«Ofb-S*NMS[ 
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( 7 ) MR I I I - VM^t^ffti*, ^ttA * 

(i) (6) ^Mft* i mi-mm<oit 

(8) ^-aw^ i i i-vi^wi#;i^ atfb';> 
fbfflft (basi-yPy : o^y^d 
i-T^fflE (1) 7Sm (7) OMft* 1 ^KfB«0-fb-8- 

yo o) ^-is^i 1 1 -v >)>itm 
m (bp) fifes; t *#gxi:i-4Htrf2 (8) ke*o 
fb#^^**H*^o 

[ooo8] sfc, *nwi±, iMrte d) - (9) ice 

o(io) (id uie-t'fb'&«#*ff»**f-«5«a 

do) s&tKftftu >-fb**'j ^a@^»@l, mm. 
fb«j >fb**'j 1 1 -wmcism^m 

tzmsL\skT<r>mm.itismni i i-vm&w«#i 
twtsc t*#^i:i-4«rfE (i) (9) <ow 

ft* 1 «twE«Oft#«**#«*3rf-0»ji*tto 
(11) ^-«8^ I I I - V«fl:-&*i|MHM* 2 5 0C 

&±7 o ovi^T^mx'fm-t^^tinwLt-t^m 

15 (10) »:E«ofb'frW#*#«** : po«a^rj* 0 
[0009] t^i&n-rtt, (12) tcgBfgo^ 

^7'2tU f (13) t:|5«0^:igSrJ|ft-r4o 
50 (1 2) lWE (1) 7SM (9) 0{BTft^l]g(cE«feOfb 

(13) ME (12) CISft<7)7>y4fflv>fc«o 
[0 0 10] 

[«wo*ito»«] *&m<7>m 1 «f 

B B H ^«±^IS:tt7tG a A si-xPx (OiXSl) 

?SB^ (B) t^<ii')> (P) S^:l±Bt# (As) 

t itttr&m* I I I - VSS<fc*ft**#Ji 

z^x^Tv&^mmzmfc-rzo m&mnRntmt l 

Tl±, B P*^S (Kristall und Tec 
40 hnik, 2 (4) (1967), 523-534 S# 

.a?.) > +7t^7 («-AhOs) , mmm (s i 

C) , 'JVfb^'V^A (GaP) , ttftary^A (Ga 

a s ) afeaic -> n > mm%.&&) wm^x- # 4 » 
[0011] itz*%m<?>m2 nmmrmx-it. &mm 

I I I-VMWSMGaAsi-xPx (0SSX5 
1) A'f>i^f«i:^fneAj^ ^^n«^-#it 

[0012] ^fo^imiti 1 1 -vuifb-fr 

^■f-S^t UT, a«S:A 1 « B ,» G a r I ni-«-j»- 
50 ,Pi-iAsi ( 0 £ a < 1 , 0<jS^h 0^/< 
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1, 0<« + /? + y 3£l, 0=£<S3S1) X-mUZp-Z I . 

i i -v«ffc^if5#^-ei4, fflz.i£, ') >it 
mm (bp) Rmtitmm (ba s ) j&v^-g-^zgji;^ 

mfbtiZo #lx(4, >ffcT;u5-^A • fflB3s&j| 

(A 1 zBi-zP : 0^Z< 1 ) *?mtT)V 5.-^ A • flffl 
(AlzBi-zAs) # f *& 0 ifc> Wj*.H\ 'J > 
fMI*- ^'J^AHfl (Bi-zGazP : Os£Z<l) 

>itmm ■ 'f>"/')ASfi (Bi-z IniP'OS 
Z<1) ^^tffciti, PJxtf, BPSti, W«&JR 
it^&^mmk (MO CVD) ft (Inst. Phy 10 
s. Conf. Ser. , No. 129 (IOP Pu 
blishing Ltd. ,1993). 157-1 
6 2M#H?) , ft=tMz-y?9*i"rn, (MB E) ft 

(J. Solid State Chem. , 133 

(1997) , 269-272 W#J!S) , >f K ( h 
a 1 ide)S(® rB**»Attft3£&BJ , V o 1 . 
24, No. 2 (1997) , 15 OISWJ. Ap 
pi. Phys. . 42 (1) (1971), 420- 
4 2 4I#S , -f K (h y d r i d e) 

ft*0»*«ft#St;«E9«!«-Ci* (®J. Crys 20 
tal Growth, 24/25 (1974), 19 
3-196 Mt>'© J. Crystal Growt 
h, 132 (1993), 611-613 „ 

[0 0 13] *»WO*3 0**»B-Cli, ^m^ffJ* 
SI^P-ll* (isoelectronictrap) Sr^Cr 
GaAsi-xPx _LfS 

oltmxi I i-VM^WiM^AfD«A ? ^ 

£<, GaAsi-xPx (OsSXsSl) Kov>-C^^P#)M 
Lrftffl+4ft36ftl4^*l»UI4a* (N) 

»KIT*-t;* (B i) *»*4 0 ifc, ^S^-Mif&'P^ 
tra*ULrftffl1-*^#l»»:, MIS- (Zn) 

(o) nmtttotzz n-ontmiii2>ytwiB-t> t *> 

ho ^ttttfF-fmti^tiG a A si-xPx (OSX^ 

£o f i^tfG a A si-x P 

x (0SXS1) »*«l±, #1x14, &*g^k:>*v-r 
^ (L PE) ft, Any> (halogen) 5 tzlt^ 
■f h*7 'f K (hydr i de) SCffl-i- tf 9 * > -V ^ ( V 40 

PE) ftj&v>i±MOC VDftfCJ;l,Sfi^(:, 
-7 (NHs) ^v>litK7y'> (H2NNH2) 

•rt-c^K^aflcsridn x 1 o 18 cm-tzmx-zmi-m 

ll(doping) Lv» 0 
[0 0 1 4] *»W<&*4 0*Jfc«S!-CM\ nfGaA 
si-xPx (0SXS1) fbfeSt-Ji, p^O-t-flH^I I 
I - VM^ifti o^^ii 
-f&o Sfc, pfCaAst-xPx (O^X^l) f£:)fcJf 
K<4 n »0^-H3g I I I - Vtft^|t|(^ $ 50 
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&mmi 1 1 -vmittem^mwrn cttc 

-*-*fc*0»3fctti: LX%mzmmT&2> 0 G a A s 

i-xPx (osx^i) Atftzismtt 1 n-vi 

ffc-SIMMMW*** pBf£j»g(4j£JRB$ir3E#& (Z 

n) , v^y^A (Mg) momi imttzitRm 

(C) V«t^#t»tj6tPLT»?>*L* e n^g 

(Si),|(Sn) fWlIVE ifctt 
«* (S) itzlt*U> (Se) fciftf>*V 
^^*DLT#c,tt^ 0 ±Mi<n7tm<0 J * > i 4 * 

>&.\^Wl\z X t) ikA-ttUS pfM^li nj&imm *» 

[0015] GaAsi-xPx (O^X^l) fg;)fcJiH, 

*>&0. 1 e V*v»*ih»*IO*JWfI I I -VBSffc-a- 

*^^StL^, 0 $&3fcJf i l)»ih^i|S^0. 2 e V&± 

14, «**fcO*'fr#iBK»»t4><:' K (band) ^ 

flJ*tf*&&o &oT, 2f:^cO»5<7)||tef^^>e,(i, 
GaAsi-xPx (0SXS1) #&7fcJlJ: mit^ *• 
0. 2 eVimtt^^lSI I I-VM^ftfi 

[0016] 6 <7><mmwmxi±, &mm 1 1 

Ltffttio GaP3¥.&M,<r)fe?fcm±5. 4 5 OA 
'T-*tK Sfc, G a A s Olfrf-jgftli 5 . 6 5 4 AX$> 

4 (-hIBO r-*MS#T'M'r*«Ei&J , 2 8H#HB) 0 - 
CTxff, UVfbflB* (BP) Olfrf-Jgfttt 4 . 5 3 

8A-eW (±IB<0 r*jgE#r-v^x«ES&j , 2 8I# 
■R) o £lJx<±\ fltftflffl^ (BAs) <75^56&a 

4. 7 7 7 kX'*>Z>tztb (±BO r#-»#7-VxMX« 
IbJ , 2 8I#I) , BPtBAsiOSSTibiBA 

si-yPy (O^YSl) tGaAsi-xPx ( 0 SXS 

1) t(4t&^S^<0|l|^(C*-&o 08x14, ^>->*->A 
fe^:«r^0. 3 2 (=3 2%) i:fSBo.68 I no.3 2 P 
(*&?-5e&%5. 4 5 OA) OtJKGaPtj&^fl 
^-?r^i-BPm^t3b4^, -t-U^I I I-VWOt* 
%l#^i:|&7tS^^-rGaAsi-xPx (0SXS1) 

ili«CT«?3pS*0«#U*4. ttot, G a A s 
i-xPx (0SXS1) ll*li:AfnS^?-i3:4^1f 

1 1 1 -vmit^*mimzmmfkmfrhmm-tz> 

t, ^5^-7 7f (mi sma t c h) CgBLT 
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I I -Vtft^W*fti^?tl5 0 CCfcK), * 

I I I-VtRffc-fr»*##Jl 
<(4# B B B «£±#t LTiUSiifctitl II-V1 

[0 0 17] #*p- B B B B> ICSiL<li^ft±ftt 
i I I -v«iffc^w*j»ftJiii— fttrii, * 

if, jmsaoy (bp) fci&oiift 

|±, h>;jn^;Hffl^ ( (C2H5) 3B) /*X7-f> 

(PHs) ^fEMOCVDfliltLt, 7 0 0tfll± 
XhZ> (*S#lrUS-6, 0 6 9, 0 2 1f#f.) » 
HSftfflB^ (BCls) /=mt>)> (PCI 3) 
^/M3^r*> VPE&T-I4, B P^ B B B *^#«btL^iaSlE 20 

B(4, 1030 x:a±r- 1080 t^Toi^ 5 0 tro 

if^v-J ( rioffl»3aj , £4 5«*9-? (1 9 
7 6) , 8 9 1 -8 9 7I#I) 0 £0*£SB PiO 

7 0 orjeiToa:v>aj*iEHT»<?>*i-5. ^ak 

B B B K?:±fri:i--5»^SI8mi I I-VM^I¥ite 
14, 2 5 0 "CW± 7 0 0 CftT^fiSt-fitl, ;t(: 50 
4 «) %%> £ t t5*T- # £ „ Rii^S^ 14- 
teffJ&XijfllJtfjfe (XRD) *Vf*BiJn£U<K4H*r 
/^->;4>£>*n*L£ 0 JMfrB4>fectflEj& (spot) tt 
OHffi (J. Crystal Grow 
th, 70 (1984) „ 507-514 H#«D o 
[0 0 18] ^(OlT^lfSfa, ISftJgtCB 
Asi-yPy (O^YS 1 ) %&&Z*tr^r-U&&ffi& 

>*§£•&) 14 0. 0 0 6 tiv> 

*^^J ( (flc) #W#J£, 1 9 8 5*7fl2 5B 40 
^T^3«IJ) , 5 1W#«0 o B A s ?M * >*S£-J£I4 

< 0 . 0 0 2 -eab o (±eo r**fM6<s- 

&„ Z<Otzif>, BAsi-yPy T-<4, 31^ 

mm&<o&&m*mbit%^m&i> { $>z><, mmmt lx 

(4, UraWC^ftl X 1 0 18 cr ! -ft5X 10 ,! 
cm- s tiS»i:K-k>^ (doping) $Ktv> 50 
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5f)i5 s »Jt^o R&»ltf>Jgl¥<40!l;U4\ i&3 0 nm^ 
[0 0 19]#K, BAsi-vPv3x«*KJfcttLt\ 

ffiT-§^ 0 BPii-ioi 1 1 -vmit&to¥mb-?t} 

*) (Nature, 179 (No. 4 5 6 9) (1 9 5 

7) , 1 0 7 5K#.bb) , t«M¥Hi:J:»)#tBP 
BO«ihWfli(4^6 e V-C-2>£i£*i-0>£ (Phy 
s. Rev. Lett. , Vol. 4, No. 6 (19 
6 0) , 2 8 2-2 8 4M#BB) „ L*L— Mx. 
I4\ ±fE<7>fiKgJ£J£^£flJfflL£MOC VD&K4. 19, 
^SjS*Sr^5-2 nmH±3 0 n mllTOteBftT-ffi & 
t-SBftli-tHf^jhWfi*^ 3eVtnB PS^Sftf 
#&„ iO«^«Jh^it@^MST-^r-t^BPBI4, Kg 

si-xPx (O^X^l ) <7>m<0ft2>&±<omik : %<lfcl l i. 
G a P<7>^za^it^itilicffl^i-^^ia-e2 . 2 6 e VT* 
ttz. GaPtf>r»0#jhff<Ui2. 7 7 eVX 
*>Z> (W. A. A>;yyf, rHfrOS^itt^tt- 

it^m&vyfom- (±#) j U987^5JI3ob, 

SYtX^±llff> ZlJK) , 2 6 9#BB) 0 i^o-C, *ih 
HFM*i&3 eVifl>BP*t)|i (clad) Jf£« 
St+iitf, G a PwrSCtH>tMf jeroilii^ 

0. 23evtii) > +t'j7<o rmi;&*j rm*R 

lH£2>%}%:tfmifbix2> B & e V tmtbX&^ 

WW***-?****, atU*lhflHiOj|****#v»fc 

H56#Tojii*ipi«ffi of«, vf) zfcm-tz 
wo* 8 o**iaB-ruu ftfrtewmftmz&m^ 

&CDBPH ^fb^ffllffl I I I -V»ijfc#«##fMIS:fl| 

[0 0 2 0] I^SSlciPx.TFflxl4, ttih^g^ 

^3 eVtf4BPi*>f>(i, |ij413nmJ: f?S?SS 

G a PlS*«*»eoiS[*4r»5 5 5 nmtT2>m 

&%mt z a < is® t- # * i&*iti§^ tf%hKh a 

MoT, ^feTtSrttilti-^G a Pf&ftJfitCB PtJ^^ 

GaPLED^SfttilttftLIf, m*<D*^^ 
IG a PifeLEDCMSGa PSK 4 &#l:)fcO«RJ|X 

^fn«^IGaPLED*H^t,?ti5 0 ifc, f&^fe 

&mm mm) Z4ttmx& z>mmm*mm-ttii£, mm. 
[0021] &mmi 1 1 -v^ft^-%*aj#s*G a 

Asi-xPx (OSX^l) «03g*il«4rlix.ftv»iaaf 
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9 

w«>a«ffc*«>»sEtt*iia-c**o z<7)tcif>, 

<T> 9 0*JfeJg]Kr li, GaAsi-xPx (OsSX^l) @ 
±K, a»«0©«aME^lTOiMCU«>v>r#«*I I 

«*t4. Wx.lt if (N) i7^yx^FD^ 7 
^fcfc&i: LtttrnfGa A si-xPx (O^XSl) 
51*® !r7 8 0 CtM Lfc?£, WliMC-WR*tr p Tk<n 
&mmi I I-Vtfefk^«i|i*fl£Ji«:*-&S*-C^-ro 

j&ft-f4o BP*,, GaAsi-xPx (OsSXS iO 

i) 5i*soB«iaiKJ^ToiaKT% -t-as^i i i-v 

& o 

[0022] * fc, ±ifi<7>$q < ££A f ^a#Mt± 

I I - VM^*i#i^^Sifcli#Sg*±* 

tRjt-fiCtU, J: »>a****tff>it* 0 ittJ: »)> 20 
JH^fo«JE (Vf) *W«Ftt***t»-ti-4LE 

1 1 1 -vmt&®*mfcmz&m£kmifzii#&is.z 

[0 0 2 3] &mmi I I -VJMfrMMHHMI 

£2 5 0 "CW._h 7 0 OtJSlT. <fc L< li 3 0 OTC 

W±5 5 0rttT<Ofiv»iajK-e3g*1-* £ t t-r tut 
p «a n OffiStfcf* * £PHJ r- § -2, 5flJ & 

lot, at^filWE* 1 * < B.oW*|flj*ffo 
f&v>p n«#fiAf n**L E D *f*t4 

$*t& 0 o <r>mmfm<r>-mt lt, 7 5 

0 "CT-ffM Lf:nfGaP 3 5 0 VX'l&tiL L 
p JBo#* « B P g £ ^ x n«£- £ Hi: & ft 4q*tf e> ft 

3SI I I-V«ffc#»*#fl**»«OU#*'&i:a: 

[0 0 2 4] *»U!tc4K*fb'&«**#«*« : f-tfflv» 
*Uf, GaAsi-xPx (O^XsSl) S&ftS K-^t" n}g 40 
£ I I I - VM^f«#S U * £ £ 

(w i n d o w) OUffJKOv vr*»Jft 

T#^>o 'Pllx.lf, ilCfil^njlK^ lJiirG 
a Pfl3fcgi:<; >ffc«* (BP) Jf tO^r-ng^if 

1 2 £fgx.7tLED 1 0 fc, 1 5-LO& (Ag) j£ 
v>li7;K-^A (Al)fOfcHt«4Uli#16 

1 1 ^J^B^Ktt/c-^OStt^*®^ 1 4 1 

tz, ^7-u]&i?mikl 2±UI9«LfcJEiB«*l 3 50 
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iO 

[0 0 2 5] HttWfc#*ft*JUflOi#*S'#HI6l 9 

e>flffi¥(*tt i . 5«rl*-c*4o ±fc, i i - 

>itmm (BP) O$S5 5 5 nm<0iMt: 
ov>Tc7)H!ff^(i^j2. 6-C<b-5>o G a P4ii 

0©*f^<i^3. 5-C*-So S£oTffllx.lf, GaPM 
*tBPSt<0^-rn«^fl|jii 2tt£fcLEDl 0 

£«ffiT-§& 0 MoT, «**n«'M£AU««tT« 

|£9JtC J:furift2 0 0 fi m~#j3 00/i mA^'MWL 
[0 0 2 6] ±|S60*5I^OL ED£fflv>£9 >"/l±. 

LT5c«stea<Oft«[S:»J£t , #.&o £*L<b<0 L E DO 9 

«t LTfW?**. #fflflf£i i i-v»Hfc*1tr 
*f#««:Afn^li: LTAfifl.LEDti, 
WGaAsi-xPx (0^X=£1) ^**ft£-S!L E D K 

■t z> <» izttmizfem-e § % 0 

[0 0 2 7] 

[ftffl] GaAsi-xPx (0=£X^1) frb%2>3£i&18 
UAfnt^J^^ifi i i -VIMfrMMmft: 

*i=«jiwjaji<o»ihw***i-*#w*i 1 1 - 

[0 0 2 8] ffc, GaAsi-xPx (O^X^l) 
[0 0 2 9] 

immm] mmm 1 ) ^hjs^ lttt s-ass? 1 1 1 
-vmit&®*mi*mtLx>)>itmm (bp) 

z.tz')>W)*Jt* (GaP) z&itmtt&^T-am 
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Wt Z> o 1&kim 1 X'ftm L tz L E D 2 0 OWffpil * , 

[0030] LED2 0ffllOfif^2 1 tt, M£& 
(Zn) K-/fpi?) (10 0) KtnGaP* 
£?,H££«2 0 1 t LTf^Lto S«2 0 1 <0S®£ 

9iK (hnos) tffi® (hc i) t<Dm.&m*m^x 

^•/•f* (I i qu id-phis e epitaxi 
a 1) #ftK0E»K 3EI& (Zn) K-^pfGaPi 
2 0 2 £Hg Lfc 0 I^K-y<^p»G a PS2 0 2 <0 /o 
*WlStt7 8 0t:tLfc. **>)TWk8tltm4 
X 1 0 18 cm- 3 t U Sffli*-)2. 5/*mfcL£ 0 
[0 0 3 1] piGaPi2 0 2±iC(±, 1^1 t< 7 8 0 
tfif (Si) K-^OnIGaPiH*Ji*i 
2 0 3 &flt«L£ 0 0 3 <0* * >) T*ftttft 5 

X10"cm-'tL, ifl±|!)0. 7^mtLfc.H* 
J12 0 3 <7>J$;gB#t;ii, T>*—T (NHs) ifXtm 

mtrmm (n) £7^ v^v^ hn-^^»tL 

T*jfc« 2 0 3 Ki&bOLfco SI©ttII±Ga Pf&ft 

1 2 0 3 t (OlflflS^ 6 X 1 0 1 8 c m- 3 i i ^ 20 

[0 0 3 2] n«GaP?l*i2 0 3±i:ii, M)xf 
;HB3K ( (C2H5) sB) /**-7-r> (PH3) /tK* 

(H2) StSMOCVDftCit), 3 5 0Cf*Sfi 
*±#ttl» l J>ftlf (BP) A'^^AfngAg 

2 0 4*»iLfc. GaP5bti2 0 3 t^fD»^ 
H2 0 4tt, ^ (S i ) £ K-tf^Lfc, #t'J7 
?&Jg£ftl X 1 C'cm-^f^nlBPi^^iffiL 
tz a mWteftO. 4 jU mtL^o Atnf^f2 0 4 i 

$(indei of refraction) t 

(extinction coefficien 
t) timmLXJfilbfztZl*,^ leVt 

[0033] «s*itfr2 1 <r>mmm*t£-tv >itmm 

(BP) ^tnS^12 0 4 O*M<0(p*SPUIi, Eg 
£#Jl 2 0//mtt5RiOnf*-^ y^mffi2 0 5 
fclCeLTto nitS2 0 5li6-y^^A^t 

(Au 9 5Rfi% • G e 5fi%) £ — jfctt 

»)tl[*S*-C«J«L.fco GaPf^Si 40 

12 0 1 0«®<7>B&;£®lC(i, & • (A u 9 7 

pi^-?7^5t2 0 6«LT> LED20£# 

[0 0 3 4] nIMpiS^-^7?SM2 0 5, 2 
0 6 R|tcj«refflK«%*jlilt Lt«fe*t«*S*ft, 
Id^frmsit* 2 0 5 'JTV^r (mA) t Lfc|£<0f&jfc 
0>f^?Sg(±^5 5 5 nm-5 5 6 nmT-£>ofc 0 
*ft*wJtlE-*-*a»J-*A'4 r - (ft 2. 3 e V) J: *) f> 
*SfcS»*jLflJlH (=3. 1 e V) «J >fb«8 50 
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St '(BP) @2 0 4«rM^2 0 3(C^.gi: Lt^fn 

»*s*4«*tLfc)t*, fyy (chip) iftmr- 

Of&^&ai^li^l 4 5 'J *>T7 (mcd) 
fco BP*., ^G a P-ttg^IifeLEDWMffl 
1J&m7- 1 Omc dt?*£<OKJtt8rt*Ui; *tl 1 . 4 
-2. 0ft<OiSv>^aj^J(OG a PAtDfML ED 
* f fti?^Ii:tio/:o JH^fil*** 2 OmAtL 
fcB&OJOWrtlWEE Vf) lift 2. 3Vf*^ 

fc„ Sfc, i£^rI&J«S6* 1 0?OnTM7 (/* A) 

feilZLEDtfigmZtltZo 

[0035] mmm 2 ) *nmm 2 t-i±, hmw 1 1 
itm%z>mmmf£frb&2,. >)>imm (bp) />;> 

'ffctfV'i'A (GaP) ^T-n^-g-SLEDSr^JilLr, 

#HiS®l2 tC#;b&LED 

3 OcoBf®#it«r0 3tc^«)H^1-o 
[0036] LED3 0ffli£<7>1fSI»ji#3 1 li, 
(Si) K-^fnf<0 (100)Ift«GaP* 

$S££3fe«3 0 1 t Ltlv>fc, *«3 0 1 <7>*®£I 

tR (hnos : hc i = i : 3<oi&.&m zm^rtt 

t'/t^fSUttl), S« (S i) K-fWGaPil: 
M13 0 2 t UMU. ifK-7-WnIG a P 
M13 0 2<0«SigJK(i7 5 OTZt Ltz 0 ttz, 
';7lSl±|fi4X10' 7 cm- 3 tU iffl±«)l. 5ja 
mtLt, #£:ftli3 0 2 <r>m%MI<z[$^ T>*-7 (N 

hs) jrxzmmLxmm (n) £7-r vxwnn- 
? tf-ttmt Lt^*i 302 tcfebnLfco ^oisfrftn 

Hi G a P#&3fc@ 3 0 2 ^O^^^^iSJ**^ 5X10 

[0 0 3 7] n«GaPM:i3 0 2±(:ii < (C 
2H5) 3B/PH3/H2lfEMOCVDfti:il), 4 
0 0tT-*|,8?:±fttt^-7r^->H,A (Mg) K — 

•/r-p^o'; vfbas^ (bp) *t>ii,Afnf#i3 

0 3=Sr»«L7to ^7-og^i3 0 3^Sa#CMI» 
V/I I lit* (=PH 3 / (C2H5) sBOlt*) (±H 

mM\<r>^s^<r>z o^«b 3 o^er^Hir^o ife, so 

fi£ftiiJ&li#Sifc0!l l trau< 1 0 nm/*i L^o "7^ 
#.->">A (Mg) likT^-v^n'O:? v*ir.;uv^7- 
v"?A (b i s- (CsHs) 2Mg) «rfflv^rK-lf> 
y L> ^TDi^i3 0 3^*t'J Tj&*(i^7 X 1 0 
,8 cm- 3 tLf:o AfnS^l3 0 3WiIli^0. 5 

fxmtLfzo mtfmtmi&&&<oitii&iiifttefrb#.#>tz 

Afng^f 3 0 3 Sr*«-t^>B PScOMiawttlh^ilS 
lift 3. leVi^ot, it «ft*5 5 5 nm©| 

[0 0 3 8] plAfn^i 3 0 3 O^Mcotf^aSt- 
ilS^^l 1 0 ^mt-r^Rf^Op^^-5 y^«®3 
0 4. n^GaP*ife B B B S«3 0 l<0*ffit-nB*-$ 
y^m«l3 0 5*-?-tL-rtt^:gLTLED3 04-fll^L, 
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tz 0 pi*-?7?lt3 0 4 tt<fe • (,A u 9 . 

7KS% • S#&3Si%) X£1K»II*&*MKL*:. £ 
fc, nit - 57*143 0 5»i- y*7z-^A^ 
(A u 9 5 g*% • G e 5 Sfi%) Jt£aMt9t4><?f?£ 
Ltz 0 nf t- 5 7 ?SS3 0 5 l±G a P*fe B B B S«3 

o i <r>9m<r>&£Wi,ztei&Ltzo 

[0 0 3 9] pfWnfMt-<7?ll3 0 4, 3 
0 5 W»c*#fijum**«»LT«fe**f^S-*fc„ 
fll^fattSES: 2 0 5 'J7>^7 (mA) i: L/c^O^Tfc 

SS$xtw^- («2. 3eV) x n i>±&%Mi&m 
iWMI (= 3 . leV) Sr^ri-^, 'J (BP) S 

303 *%kitm 302 izmmmzmm-tzMmt lta 

fng^?*S«ffit Ltztztb, f-;y (chip)ft 
&T-03&ftm#l±¥^LTift 1 5mc d Kfljjt Lfco BP 
ft* W G a P * t ft^life L E D (O^ffi*^ 
7mc d-i&l Omc d X^i> <DiZl£%?fiU£^ 
X$}1. 5mfrt>$>2. O^OKv^^ctB^OG a 
fni^lLED«JJl/;„ *RfGMl*4r2 0mA 
t L7t:^COHI^[6j^£E (mm. Vf) 1±^2. 4Vt*4 20 
o7t„ fJt, $?j[fimif£ 1 Ov-f ?dt>^T (// 
A) fcSl5SLfc*ft-«)at^r|fll«Stt5V*«^4fcOi: 
£>)> &WE#14K£;ft£^:rn«-g-12G a P LED* 5 

[0040] (*ifeflJ 3 ) **ifetai 3 -eti, Skfb »; Wfc 
mm cbasi-yPy) frhttk&mmi i i-vm^ 

®*mWmtmV) yittfWA (G a A si-xPx : 0 

;tfcLED*«KLT\ *S&IJ8*gWtt«H::ilWI-*-*o * 
**«4tC«t»4LED4 0<O»B5«j6*H4twflt^:W 50 

[0 0 4 1] LED 4 0ffl^W»S»jg#:4 1 (i, ftM 
(Si) K-y-Cn»0 (1 0 0) B^tnGaAs 
JMftA*£«4 0 1 b LTiELto *4£4 0 1 CO*® 
-hmi, — JRW A (Ga) /7A-» (A s H 
a) /PHs/Ha^vW K?-f K (hydride) St 
MffSCf), Sf (S i) K-^CDGaAsi-x 

Px (osxsi) a^ges 4 o 2*mmLfz 0 mm 

V--7<T)nWtG a A s i -x PxjBJc^JE® 4 0 2 cOSfflfi 
JS(i7 2 Ott LfCo * -v T ift«ti#j 5 x l o 40 

"cm- ! l:U f§mt$j3 /u mi Lfco GaAsi-xPx 

(O^XSl ) a^gSi4 0 2C0') >M (=X) l± 
GaAsiS401t<0«^#I-C-0 (*) tU «I 
TftO. 8 7 t %2>mZ\M.ffi.(filzmiJaZ-£tz 0 

[0 0 4 2] nfGaAsi-xPxM*lEfl*i4 0 2 
±U(i, ±!e?VW K9-f KStffiJfcft^SKJ: 0 i) > 

(P) &)£Jt£&0. 8 7t-^iLfcnI^)GaAs 
o.i3 Po. 87#&3fcJf 4 0 3 ^tiLfc. S&:)fcJf 4 0 3 OS 
ffli^l ^mt L£ c M14 0 3 Kf±> T>*-T 

(nhs) if^mmx^xmrn (n) 50 
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Lr«j6 x 1 o' 8 cm- 3 <oiftjtr--g-*$-ti- 

[0 0 4 3] f§*§4 0 3_htCi±, (C2H5) sB/P 
H3/A s Hs/Hi^tEMOC VDSCi I), 4 00 
Cf*alSJ±#;i:tl.-7n>"7A (Mg) K-tV> 
pifltft'; WtUff (BAso.ioPo.9o) *"<b^*^f- 
D8^14 0 4£««L£ o Afng^i4 0 4 ODS; 
B*K»«t*V/l I litm (= (PH3 + ASH3) / 

(c 2 h 5 ) sBjfc*) a&rnmz tmt< 3 0 tL, t 
(Mg) <n Y-\z>trm-\±. ^-/j'D^^yi 

(b i s- (CsHs) 2 Mg) 
tZo ^fn|^4 0 4C0#-v';rjgJS«i^2 X 1 0 18 
cm-'iLfc 0 SlliftO. 5^m<!: Ltz„ mtKmtM 

wm&<nfe&vmiaL***>tz^7- n«#« 4 0 4 

"t* pt^Btft') VfCfiffl^ (B A so. 10 Po. 90) ScOSS 
W*jhS"fflJi^2. 9 e VCabofco 

[0 0 4 4] pl^fnf^f4 0 4 OSScotpffcg&K 
tftSrftl 3 0//mt-r^nff^cOp^*-$ 7^1M4 
0 5, nff^G a A sJM&A££4 0 1 OlfflCni*- 
5 y ?«&4 0 6 £: -t tt-PftlS jft LTLED4 0 
L/wo pit- 5 y *m«4 0 5<i& • (A u 

9 7Si% • 3&i&3»fi%) Lfc. 
ifc, nit - 5 y ?1«4 0 6 lit • 
4(Au9 5«fi% • G e 5St%) X£$*Kd><bJ£ 
WLLtz 0 nit - 5 7 S4 0 6 liG a A sf tSi 
S4 0 1 ©W<oiS^ii:«tS*fc, 

[0 0 4 5] pMO f niMt-5-7i'16fi4 0 5, 4 

0 6P0U2 OmAOflg^fal^fcMjfcL^fcC^gS- 
Iv5 8 2 nmt-rzm&?$<7)f£ibZntZo (c h 

1 p) t>c®.T-co|&7t:m^«±¥^L.T^7mc dt-PJilL 
fco BP*>. t£*COG aAsi-xPx^ipiip n«^"ScO 

led <o&±mjj <r>m 2 flf ojsj v»«jfca* 

!rtfcib*SGaAsi.xPxArnS^lLED^ft 
ZtltZo Ztllt, (= 5 8 2 nm) IZttfo-fZ 

(=2. leV) J: ») i>ttfriz±&%W. 
a*JhW« (*» 2. 9 e V) 4-^i-^Stfb') >ibffl8^ 
(BAsi-yPy) 14 0 4^^*14 0 3^701 

W^ow^aLSS^^at^Lfcfcift-cASo 2 0 
mAcoNI^lpjmSiltrcoV f i±^2. 3Vt-*c^. f 
fc, ®^|6l«»ESrl 0vOn7M7 (^A) t^5e 

Lfe*-&-oit^rifii«sa 5 v js»BEiRMtu«n 

S p n $tLTv^-&C t^/K$nfCo -^(i, 
^tnf^l 4 0 4 =£r^*S 4 0 3il) <>fiST^«-t 
2>Ztt Ltztzfr, ^-r n^^-® 4 0 4 tMl4 0 3 
tOS^HIifa^b^tt-r, iifriffflttWpnt'g- 

[0 0 4 6] 

[f&93<0$J*] ^^(C-tSttlf, GaAsi-xPx (0^ 
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(9) 

15 

xsi) s&^Ji iz&mm in- vteit&iis#m$m z . 

[0 0 4 7] #(1, GaAsi-xPx (OsSXsS 1) 
■ Ja±W*ihflf««r*-r4^Ji*I I I-VM»* 

k u « *t * it&vsmtmj- £ *tft T* § & o 

i i -vtSfk#»*#M*:«t«fl:'; wtw* (ba s 
p) t-t&t, ftitmizML-c* 

[0 0 4 9] ttz, Mil^fnS^S-titif I 
I I-V«ift^JNifMI*»*W*»«i-*«BeJttT 

& o 

[EUScoffimt^] 

[HI] *§&W^fc>£9>^O«i££^-»fM«:i£0 
[02] Hi&09l Uia«cOGaP^T-a«-^liLED<7? 
[03] mtkM2 {CfBIROG a PAfDiMLEDW 
[04] 3dfefl|3 i:S«*)G a A s PAfngA aLE J0 
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1 0, 2 0, 3 0, 4 0 (LED) 

2 1, 31, 4i skftas+mmtrnmikit 
1 1 &m. 

1 2 ^^n^^if 
1 3 

1 4 «B5mfe 

1 5 

1 6 

17,18 

1 9 ^#*i/mm 

20 1 pJgGaPJMMUMg 

2 0 2 p^GaPJf 

2 0 3 n?KG a PSibfcJi 

2 04 nlBP^fnf&g 

2 0 5 nit-5^H 

2 0 6 pf*-v7?fM 
30 1 nlGaPfgSif 

3 0 2 nfGaPMi 

3 0 3 plBPAfng^ig 

3 04 pW*-^v?W& 

3 0 5 nMlr— 5 y ^flCS 
40 1 nff^GaAsfSSIS 

4 0 2 nJ£G a A si-xPxfe^E^ 
4 0 3 nf^G a A so. 13 Po.87lS*B 

4 0 4 pff^BA so.ioPo. 9oArng^f 
4 0 5 pW-^7*5t 
4 0 6 nff2*-$ y 



[01] 



[0 2] 
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[HI 3] 



[0 4] 



30 



3 03 
30 2 



f I 



30 1 



•305 



AO 2 



-4 0 6 
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